AQZOA-|U0 I

The Flavor and Fragrance High Production Volume
Consortia

The Terpene Consortium

Test Plan for Estragole

€2 :HHy 22 L3010%
d
J

Estragole CAS No. 140-67-0

FFHPVC Terpene Consortium Registration Number

Submitted to the EPA under the HPV Challenge Program by:
The Flavor and Fragrance High Production Volume Chemical Consortia
1620 I Street, NW, Suite 925
Washington, DC 20006
Phone: 202-331-2325
Fax: 202-463-8998



List of Member Companies
ARIZONA CHEMICAL

BASF CORPORATION
BEDOUKIAN RESEARCH, INC.

BOISE CASCADE CORPORATION
CHAMPION INTERNATIONAL CORPORATION
CITRUS & ALLIED ESSENCES, LTD.
DRAGOCO
FRAGRANCE RESOURCES, INC.
GIVAUDAN CORPORATION
HERCULES INCORPORATED
INTERNATIONAL FLAVORS & FRAGRANCES INC.
J. MANHEIMER, INC.

KURARAY CO., LTD.

MEAD CORPORATION
MILLENNIUM CHEMICALS, INC.
POLAROME INTERNATIONAL INCORPORATED
QUEST INTERNATIONAL
SENSIENT FLAVORS
TECNAL CORPORATION
THE PROCTOR & GAMBLE COMPANY

UNILEVER-HPC



Table of Contents

1 IDENTITY OF SUBSTANCE......cooo ettt 1
2  CATEGORY ANALYSIS. ..ottt sttt 2
2.1 INTRODUCTION ...citttitesteeteeseesenseessessessessessessessesssessessessessessessessessenssssssssessessessessens 2
2.2  BACKGROUND INFORMATION ...coutiiertistesiessessesseeseeseessessessessessessessessssssessessessessens 2
2.3 STRUCTURAL CLASSIFICATION. ...ceitestistesteaseeseeeessessessessessessessessessssssessessessessessens 3
24 INDUSTRIAL AND BIOGENIC PRODUCTION ....ccuciuieuieieiesiestesiessessesesneeseeseeseessessens 4
25  CHEMICAL REACTIVITY AND METABOLISM ...uccuveuieieiesiestessesseeseeeesaessessessessessens 5
har MaCOKINELIC DALAL.........ceeeeriiierese et s nre s 8
251 MELADOIISM.....eceee e e 11

26  SUMMARY FOR CATEGORY ANALY SIS ..ciiiirerieieniesiesiessessessesseseessessesseseessenes 14

G T I Y I L N S 15
3.1  CHEMICAL AND PHYSICAL PROPERTIES ....ccutririeieniesiesiestessessesieeeeseesseseesee s 15
311 MEITING POINE. ..ottt 15
312 BOIlING POINL.......c.eiiieie e 15
313 VAP0 PrESSUIE.......ccviiieiiiieiie e 15
314 n-Octanol/Water Partition COeffiCients..........c.cveverierinienenenese e 16
3.15 Water SOIUDIHTTY.....coeeeiiiiceee s 16
3.1.6 New TeStiNg REQUITE ......cveiieeeeeie ettt 16

3.2  ENVIRONMENTAL FATEAND PATHWAYS ....coiiiieieriese et 17
321 Photodegradation ............cccceceieeiieiee e 17
322 SADIITY TN WALEN ... 17
323 Biodegradation............ccceevieieiiesie e 17
324 FUGACITY ... 18
3.25 NeW TesSting REQUITE .........ecveiieie ettt 18

1T T = 00 1 16 ) ([ @ i 1S 19
331 Acute TOXICIty tO FiSN ..o 19
332 Acute Toxicity to Aquatic Invertebrates...........ccvvreeierienenenesesesene 19
333 Acute ToxicCity to AQUALiC PlantS..........cccceeeeveriesieseece e 19
334 New Testing REQUITED ..o 20

34 HUMAN HEALTH TOXICITY ccuiiieriiriesiesiesiesieses e see et sre e sae s e s sne e 21
34.1 ACULE TOXICITY ..ttt 21
34.2 Invitro and 1N Vivo GENOLOXICItY.......cceccuereeiieiiesicrie et cee e 21
34.3 RePEat DOSE TOXICITY....eeueeueeeereesterieeieeieee et 25
344 REProdUCEIVE TOXICITY ....veeveciecieeie et eie et 29
345 Teratogenicity/Developmental TOXICItY.......ccoovrerenirenieeieesesese e 32
3.4.6 New TeStiNg REQUITE ......cueiieceieie et 34

T I =S N N 17 = S 35

4 REFERENCESFOR TEST PLAN AND ROBUST SUMMARIES................... 36






The Flavor and Fragrance High Production Volume
Consortia

Test Plan for Estragole

1 IDENTITY OF SUBSTANCE

Estragole
CAS No. 140-67-0
Synonyms:

p-Allylanisole
Benzene, 1-methoxy-4-(2-propenyl)-
Chavicol methyl ether
|soanethole
p-Methoxyalylbenzene
1-Methoxy-4-(2- propen-1-yl)benzene



2 CATEGORY ANALYSIS

2.1 INTRODUCTION

In October of 1999, members of the U.S. flavor and fragrance industries as well as other
manufacturers that produce source materials used in flavors and fragrances formed consortia of
companies in order to participate in the Chemica Right-to-Know Program. Members of these
consortia are committed to assuring the human and environmental safety of substances used in
flavor and fragrance products. The consortia are organized as the Havor and Fragrance High
Production Volume Consortia (FFHPV C). The terpene consortium, as a member of FFHPVC,
serves as an industry consortium to coordinate testing activities for terpene substances under the
Chemicd Right-to-Know Program. Twenty-one (21) companies are current members of the
Terpene Consortium. The Terpene Consortium and its member companies are committed to
assembling and reviewing available test data, developing and providing test plans for each of the
sponsored chemicas, and where needed, conducting additional testing. The test plan, category
andydss and robust summaries presented represent the firs phase of the Consortium's
commitment to the Chemica Right-to-Know Program.

2.2 BACKGROUND INFORMATION

This category andysis and test plan provides data for estragole. Estragole is currently permitted
by the U.S. Food and Drug Administration (FDA) for direct addition to food for human
consumption as a flavoring substance and is consdered by the Havor and Extract
Manufacturers Association (FEMA) Expert Pand to be “generdly recognized as safe’
(GRAYS) for its intended use as a flavoring substance [Hall and Oser, 1965]. Estragole occurs
naturaly in more than 39 foods [CIVO-TNO, 2000]. Exposure to estragole occurs principally
though consumption of spices such as tarragon and essentid oils derived from spices. Estragole
is dso added directly to food as a flavouring substance. Estragole modifies spice flavors and

seasonings for condiments and meats. It is dso used in heavy fruit, root beer, and anise-type



flavors. The estimated poundage of estragole added directly as a flavoring substance was
reported to be approximately 500 kg [Lucas et al., 1999].

Major sources of ora exposure occur via intake of badl, tarragon, anise, and bitter fennd.
Greater than 90% of the mean daily per capita intake (1.0 mcrograms’kg bw per day) of
edragole is derived from consumption of tarragon, basl, fennd, anise and their essentid ails.
Based on the conservative assumption that only 10% of the U.S. population consumed foods
containing estragole, the estimated daily per capita intake (“eaters only”) of estragole from all
sourcesis less than 10 fhicrograms’kg bw per day.

2.3 STRUCTURAL CLASSIFICATION

Estragole is 4-methoxydlylbenzene. Estragole is a Cyo terpene that is recognized chemicdly as
4-methoxyadlylbenzene. As a terpene derivative it is closely related in structure to other naturdly
occurring plant condtituents containing a 4adkoxyalylbenzene nucleus. Methyl eugenal (3,4-
dimethoxyalylbenzene), eemicin (34,5-trimethoxyalylbenzene), myridicin (3-methoxy-4,5-
methylenedioxyallylbenzene), and safrole (4,5-methylenedioxydlylbenzene) are dl examples of
p-akoxyalylbenzene derivatives that can be found in spices such as nutmeg and basil. The only
dructurd difference between estragole and these other akoxyallylbenzene derivatives is the
presence of additiond ring akoxy subgtituents (i.e., methyl eugenol has a second ring methoxy
group). p-Alkoxydlylbenzene deriveives paticipate in the same primary pahways of
absorption, metabolism and excretion and exhibit the smilar toxicologic endpoints (.e. liver).
Therefore, key data on p-akoxydlylbenzene derivatives provide a more comprehensive
chemicdl, biologica and toxicologica characterization of estragole.

Another gructurdly related substance is anethole. The structures of estragole and anethole
(CAS No. 104-46-1) differ only in the pogtion of the Sde-chain double bond. Estragole is 4-
(2-propenyl)anisole while anethole is 4 (1-propenyl)anisole. Their smilar physical properties
reflect the amdl difference in chemica sructure. The presence of an alyl Sde chain versus a 1-



propenyl sde chain has an impact on the anima metabolism of each substance a high levels of
exposure. Both substances are primarily detoxicated via O-demethylation at low leves of
exposure (see below and the Test Plan for Anethole). At higher intake levels (greater than 50 to
100 mg/kg bw), estragole participates, to a sgnificant extent, in a metabolic pathway (1'-
hydrolylation) that, upon repeated daily exposure, is associated with hepatic toxicity. At these
higher leveds of intake, anethole mainly participates in a detoxicetion pathway (oxidative
cleavage to yield a benzoic acid derivative) (see below). Therefore, human health toxicity data
on anethole are consdered relevant to estragole only in sudies in which both substances
participate in common pathways of metabolic detoxication (e.g., O-demethylation) (see section
2.5 below).

2.4 INDUSTRIAL AND BIOGENIC PRODUCTION

The vast mgority of estragole used as aflavoring agent in food is isolated from exctic (Reunion
type) basl that can contain as much as 90% edragole in the essentid oil. Production of
edragole from this source and other essentid ails is gpproximately 10 metric tons annudly
[Bauer and Garbe, 1985]. However, the vast mgjority of estragole isolated from nature is as a
component of crude sulfate turpentine (CST). Fractions containing estragole, anethole, and
caryophyllene account for 1-2% of commonly distilled CST [Derefer and Traynor, 1992].
Although this represents only a small portion of CST, the sheer volume of production of CST on
an annua basis provides the mgority of estragole used for commercid purposesin food flavors,
fragrances, cosmetics, and household products. Crude sulfate turpentine is fractionated into an
anethole/caryophyllene mixture (0.5-1%) and an azetropic mixture of estragole and alpha-
terpineol (1%). The mgority of edtragole present in this mixture is catayticdly isomerized to
anethole by the action of potassum hydroxide. The resulting mixture of anethole (mainly trans-
anethole) and alpha-terpineol is further separated by fractiona crystdlization [Bauer and
Garbe, 1985]. The mgority of estragole isolated from CST, is converted to trans-anethole.

In 1977, it was reported that the annua production of CST in the United States was 92,750
tons (185,500,000 pounds). Based on the annuad volume of production of CST and the



estragole content in CST (1%), it can be estimated that the potentid amount of estragole
isolated from CST is 1,855,000 pounds or 843,000 kg (843 metric tons).

Levd Il fugacity cdculations indicate that, in the environment, estragole partitions mainly to the
soil and water with less than 1% passing into the amosphere. In the atmosphere, the relaively
gmal amount of estragole rapidly reacts (hdf-life equas 3.9 hours) with hydroxyl radicas,
ozone and nitrate radicas [Mackay, 1996a, 1996b]. Of more than 50 volatile organic
compounds emitted by vegetation into the amosphere, estragole was classified as exhibiting a
redively high rate of reactivity with hydroxyl radicas[Atkinson, 1990]. If it were conservetively
assumed that 2% of indudtrialy separated estragole is lost during industria processing of CST,
the vast amount (16.8 metric tons) would partition to the soil and water while the totd annua
edragole emitted into the atmospheric emisson would be inggnificant (0.17 metric tons).
Compared to the amount (10 metric tons) consumed as a condtituent of a traditiona diet,
exposure to indudtria estragole loss to the amosphere is indgnificant. As a plant terpene,
edtragole is a norma component of the earth’s atmosphere [Guenther et al., 1995]. However,
in the absence of quantitative data on the emission rates of estragole from vegetation, it is not

currently possible to estimate its annud rate biogenic production.

2.5 CHEMICAL REACTIVITY AND METABOLISM

The pharmacokinetic and metabolic pathways of esragole and methyl eugenol have been
extensvely reviewed in a recent publication (see Figure 1) [Smith et al., 2002]. Estragole
undergoes rapid and essentidly complete absorption via the ord route [Anthony et al., 1987;
Sutton et al., 1985]. The metabolism of estragole and structuraly related substances §.e.
methyl eugenol and trans-anethole) is clearly dose dependent. At low dose, (lessthan 10 mg/kg
bw) edragole is primarily O-demethylated to yield the corresponding phenol derivative that is
conjugated with glucuronic acid or sulfate and excreted mainly in the urine. Minor metabolic
options at low levels of exposure include epoxidation of alyl double bond or 1'- hydroxylation at
the benzylic postion of the dlyl sde chain. Asthe doseisincreased (0.05 to 1000 mg/kg bw) in



mice and rats, the O-demethylation pathway 1'-hydroxylation becomes saturated [ Zangouras et
al., 1981; Sangster et al., 1987]. The 1'-hydroxylation pathway has been shown to be a
sgnificant metabolic activation pathway leading to hepatotoxic effects in mice and rats [Miller et
al., 1983; Pnillips et al. 1981; Swanson et al., 1981; Wiseman et al., 1985]. Epoxidation of
the dlyl 9de chain yidds a 2,3-epoxide that is detoxicated to the corresponding diol by epoxide
hydrolase (EH) or to the corresponding mercapturic acid derivative by glutathione tranferase
(GST). Intoxication via the epoxidetion of the dlyl sde chain is not as Sgnificant as activation
via the 1'-hydroxylation pathway [Luo and Guenthner, 1995, 1996].

Intoxicetion via the 1'-hydroxylation pathway rdies on formation of the Iabile sulfate conjugate
(See Figure 1). The ungable sulfate ester hydrolyzes to form a reactive dectrophilic
intermediate (carbonium ion or quinonium cetion) that binds hepatic proteins and hepatic DNA.
The formation of protein and DNA adducts is dose-dependent [Drinkwater et al., 1976; Miller
et al., 1982, 1983; Swanson et al., 1981; Boberg et al., 1983; Gardner et al., 1995, 1996].
Studies on the inhibition of the sulfate conjugation pathway [Boberg et al., 1983] and in vivo-
in vitro unscheduled DNA synthesis (UDS) assays of estragole or methyl eugenol and their 1'-
hydroxy metabolites [Chan and Caldwedll, 1992, Cadwdl et al., 1992] provide substantial

evidence that the sulfate ester of the 1'-hydroxy metabolite is the principd hepatotoxic

metabalitein animas.
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M etabolism of Estragolein Animals
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harmacokinetic Data

Approximately 70% of a 100 microgram dose of “*C-methoxy-labded estragole given by
gedin capsule to humans (2) was recovered within 48 hours, the mgority of which was
recovered in the urine (35% diminated after 8 hours, 49.4% after 24 hours, and 61.2% &fter 48
hours), and remainder recovered in expired air (greater than 11% diminated after 8 hours)

[Sangster et al., 1987].

In nine fasted human volunteers, ingestion of ginger sngp cookies containing approximeately 216
micrograms methyl eugenol (3.7 micrograms/kg bw) resulted in peak serum concentrations of
25-100 pog/g (approximately 0.000025-0.00010 microgramsg/ml) with a mean of 16 pg/g
[Masten, 2000]. A similar mean serum leve (24 pg/g) was measured in 209 adults reported in
an NHANES Il U.S. survey. Over 98% of those surveyed containing detectable levels of
methyl eugenol [Barr et al., 2000].

Serum levels in humans are 10,000 times less than those measured in mice and rats exposed to

intoxicating levels of methyl eugenol [NTP, 2000; Graves and Runyon, 1995].

Grester than 95% of a single dose of 200 mg/kg bw of methyl eugenol or 56-66% of a dose of
100 mg/kg bw of estragole administered to male rats via gavage was excreted in the urine
within 24 hours [Solhem and Scheline, 1973]. When the same dose levels were administered
by intraperitonea injection, greeter than 85% of the methyl eugenol dose and 77-87% of the
esiragole dose were excreted in the urine after 24 hours [Solheim and Scheline, 1973].

In femdle rats, greater than 71% of a’50 mg/kg bw oral dose of **C-methoxy labeled estragole
was diminated in the first 24 hours with an additionad 3.5% diminated in the next 24 hours.
Approximately 1% remained in the carcass at 48 hours. Approximately 38% was diminated in
the urine, 31% in expired air, and 1.3% in the feces [Zangouras, 1982]. In a dose-dependent



toxicokinetic sudy, female Widtar rats were given dose levels of 0.05 to 1000 mg/kg bw of
14C-egtragole. At the low doses (0.05 to 50 mg/kg bw), the mgority (55% on day 1 and 2.7%
on day 2) of the dose was diminated as “C-labeled CO, in expired ar. Urinary dimination
accounted for a total 32.5% of the total radioactivity after 2 days. At higher dose levels (500
and 1000 mg/kg bw), dimination of radioactivity via expired air was less (29% on day 1 and
17% on day 2) and urinary eimination was greater (30% on day 1 and 29% on day 2)
indicating a changeover in metabolism and dimination [Anthony et al., 1987].

Rats administered either 37 or 150 mg/kg bw ord dose of methyl eugenol achieved pesk
plasma levels of 1.5 and 4 micrograms/ml. Plasma hdf-lives for methyl eugenol were 30 to 60
minutes and the area under the curve (AUC) was 97 and 225 micrograms/ml/minute at 37 and
150 mg/kg bw, respectively [Graves and Runyon, 1995].

F344/N rats (12/sex/group) were given 37 mg/kg bw by intravenousinjection or 37, 75, or 150
mg/kg bw of methyl eugenol by oral intubation and blood was collected at time points up to 360
minutes [NTP, 2000]. Maximum plasma concentrations (Cyax) of 0.656 to 3.84
micrograms/ml for maes and 1.14 to 8.25 micrograms/ml for femaes were proportiond to ora

dose levels. Time to maximum plasma levels (Tyax) was rapid (5 minutes) and independent of
dose. The AUC increased linearly with dose for both males and femades. The AUCswerein the
range of 33.5 to 459 micrograms/mi/minute for maes and 27 to 307 micrograms/ml/minute for
femaes. Percent bioavailability aso increased with dose. Bioavailability of methyl eugenal after
a sngle ord dose was low (6% at 37 mg/kg bw and 19% at 150 and 300 mg/kg bw).

Disappearance of half-lives were in the range from 60- 115 minutes for both sexes. Seventy-two
(72) hours after ord or intravenous administration of [*C]-methyl eugenol to mde rats,

radioactivity was concentrated mainly in the liver (liver/blood ratio, 2-3) [NTP, 2000]. In mice
given 25, 50, or 75 mg/kg bw, pesk plasma levels were smilar to those for rats (0.38 - 3.10
microgramsgml for maes and 0.12 - 4.4 microgramsml for femaes) and were reached in 5
minutes (Tyax) in dl groups except femaes in the 25 mg/kg bw groups which showed Tyax of
15 minutes. Plasma hdf-lives were shorter (30 minutes) and the AUCs were significantly lower



than those recorded for rats (4.91-484 microgramgml/minute for males and 3.27-60.5
microgramsg/ml/minute for femdes) indicating that methyl eugenol was diminated more rgpidly

from the mouse.

In a second toxicokinetic sudy of longer duration [NTP, 2000], the pharmacokinetic profile
was followed during repeated oral adminigtration to rats and mice. Blood was taken from
F344/N rats that had been treated with 37, 75, 150, or 300 mg/kg bw of methyl eugenol by
gavage daily, 5 days per week for 6, 12, or 18 months. B6C3F1 mice treated at the same dose
levels were nonitored at 12 and 18 months. Absorption was extremely rapid in al dosed
groups. Time to Gyax wWas less than 5 minutes. Elimination from the blood was dso rgpid with
dimination hdf-lives of 22 hours in both sexes. At 6 months, pesk plasma levels (Cyax)
increased with increasing dose for most groups. Female concentrations (1.4-2.4 micrograms/ml)
were higher than maes (0.5-04 microgramgml) a the two lowest doses, but mde
concentrations (1.3-4.0 micrograms/ml) were higher than those (0.8-3.1 micrograms/ml) of
femaes at the two highest doses. Generaly, a the same dose leves, Guax Was lower after 6
months of dally exposure than after single dose adminigration suggesting increased ability to
metabolism methyl eugenol. Significant increases in both Gyax and AUC between 6 and 12
months in the 150 and 300 mg/kg bw groups is evidence that metabolic saturation is achieved
after prolonged exposure a higher dose levels. At dl dose levels, femades showed the AUC
gmilar to naive animas while maes a 37, 5 and 150 mg/kg bw exhibited increased AUC
suggesting enzymatic induction plays a more important role in maes. An increase in the AUC
with time suggests a decrease in the capacity to metabolize methyl eugenol with age [NTP,
2000].

For mice given 35, 75, ar 150 mg/kg bw per day for 2 years, absorption was aso rapid. Cyax
was reached after 5 minutes and increased with increasing dose for both mae and femaes.
Himination half-lives increased with dose suggesting that the eimination was saturated for both
sexes [NTP, 2000].
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Male Fisher F344/N rats were given a single dose of 118 mg/kg bw [ring-**C]-methyl eugenol
and blood and urine were collected regularly and analyzed. Greater than 72% was diminated in
the urine, 13% in the feces, and less than 0.1% in expired air after 72 hours. Minute amounts
(Iessthan 0.4%) remained in the tissue a 72 hours with the mgority being present in the liver. In
femde mice given the same dose, 85% was diminated in the urine, 6% in the feces, less than
0.1% in the expired air, and less than 0.3% in the tissue. The largest amount was found in the
fa, followed by the muscle and liver [Burkey et al., 1999].

Based on the above data, it may be concluded that estragole and methyl eugenol are rapidly
absorbed by the ora route and metabolized in the liver. Compared to femade rats, maeras are
more prone to experience metabolic saturation after prolonged (greater than 6 months),
exposure to high dose levels of methyl eugenol. Mae rats aso experience metabolic induction at

lower dose levels and earlier in exposure than do femalerats.

In rodents and in humans, routes of eimination a low dose include loss of carbon dioxide via
expired air (.e., aigng from O-demethylation) and excretion of polar metabolites in the urine.
At higher dose levels the fraction diminated by expired air decreases while the fraction of non

volatile urinary metabolites increases.

2.5.1 Metabolism

Approximately 39% and 46% of a 100 mg/kg bw dose of estragole given to rats by the ord or
intraperitonesal route, respectively, is present in the 48-hour pooled urine as the O-demethylation
metabolite 4-alylphenol (See Figure 1). Other metabolites accounting for 17% of the ord dose
or 31% of the intraperitoneal dose include the product of epoxidation, hydration and subsequent
oxidation of the termina acohol (3-hydroxy-3-(4-methyoxyphenyl)propionic acid) of the dlyl

sde-chain and the products of akene isomerization, oxidation of the resulting C; postion, and
beta- oxidation yidding 4 methoxybenzoic acid and 4-methoxyhippuric acid. Approximately 5
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10% of the dose was excreted as the 1'-hydroxylaion metabolite, 1'-hydroxyestragole
[Solheim and Scheline, 1973].

A single intraperitoned injection of 200 mg/kg bw of estragole, methyl eugenal, or safrole was
givento male Wigtar rats and urine was collected every 2 hours for 24 hours. Twenty-four (24)
hours after treatment animas were terminated and the livers were removed. Urinary metabolites
included the epoxide of the parent substance and the epoxide of the O-dedkylated metabolite
(i.e., p-dlylcatechal epoxide from methyl eugenol and safrole and p-dlylphenol epoxide from
edragole). Liver homogenates showed the presence of safrole epoxide metabolites but not
those of methyl eugenol or edtragole. Liver microsoma preparations show the presence of the
epoxide metabolite identified in the urine for dl three substances [Delaforge et al., 1980].

Twenty-one day old mice were given 185 micromoles/100 g bw of either estragole or safrole
by intraperitoned injection ad the urine was analyzed for 1'-hydroxy metabolites 24 hours
later. The dose level corresponds to 274 mg/kg bw of estragole and 300 mg/kg bw of safrole.
Approximately 23% of estragole and 12% of the safrole was recovered from the 24-hour urine
as the corresponding 1'-hydroxy metabolite, whereas, adult male mice (9-12 weeks) excreted
up to 46% of the 300 mg/kg bw intrgperitoned dose of safrole as 1'-hydroxysafrole
[Drinkweter et al., 1976].

Formation of the 1'-hydroxy metabolite has been shown to be dose-dependent in both mice
and rats [Zangouras et al., 1981]. A dose-dependent increase in the urinary excretion of the
glucuronic acid conjugate of 1'-hydroxyestragole occurs when dose levels of 0.05, 5, 500,
1,000 mg/kg bw of [**C-methoxy]-estragole is administered oraly to rats or by intraperitoneal
injection to mice. Only 0.9% of the dose is excreted in the urine of rats given 0.05 mg/kg bw
while 8.0% is found at 1,000 mg/kg bw. The total production and exposure to the 1'-hydroxy
metabolite increased ggnificartly (1,224 to 255,000 nmoles’kg per day) as the dose was

increased from 5 to 500 mg/kg. Conversaly, the same increase in dose resulted in adecrease in
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O-demethylation from agpproximately 40% to 20% in both mice and rats. Thus, an increase in
dose and a shift in metabolic pathways produce a marked increase in exposure to the 1'-
hydroxy metabalite.

At low dose in humans, the 1'-hydroxylation pathway is of minor importance. Two mae
volunteers fed a geatin capsule containing 100 micrograms [methoxy-**C]-estragole (1.5
micrograms’kg bw) excrete the bulk (72% and 67%) of the radioactivity in the urine and as
exhaled CO, within 48 hours. Principd metabolites included those derived from
O-demethylation and oxidetive degradation of the dlyl sde chain (i.e., 4-methyoxyhippuric acid,
the glycine conjugate of 4 methoxycinnamic acid, and 4 methoxyphenyllactic acid). Urinary
1’ -hydroxyestragole accounted for approximately 0.3% of the total dose [Sangster et al.,
1987]. The importance of O-demethylation pathway at low dose levels in human has dso been
observed for the double bond isomer, 4-propenylmethoxybenzene (anethole) [Sangster et al.,
1987; Caldwell and Sutton, 1988; Newberne et al., 1999].

The 1'-hydroxylation pathway in rat and human liver microsomes indicate that the reaction is
catalyzed predominantly by CYP2EL and probably CYP2C6. The rate of 1'-hydroxylation of
methyl eugenol varied widely in 13 human liver microsome samples (37 fold), but the highest
activities in humans were amilar to the activities in control rat liver microsomes [Gardner et al .,
1997]. Inducers of CY P-450 increased the number of methyl-eugenal-protein adducts. Auto-
induction of the 1'-hydroxylation pathway was reported in hepatic microsomes of rats given 30-
300 mg/kg bw per day oral doses of methyl eugenol for 5 days but not in rats given 10 mg/kg
bw per day for 5 days [Gardner et al., 1997].

In summary, O-demethylation is the principal detoxication pathway a low dose. At low dose
levels, humans, mice, and rats show a smilar tendency to metabolize akoxyalylbenzene
derivatives (e.g. estragole) by O-demethylation. At low dose sgnificant amounts of estragole or
methyl eugenol are O-demethylated, but as dose levels increase 1'-hydroxylation and
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epoxidation of akoxyalylbenzene derivatives €.9. estragole) increase. Human production of
1’ -hydroxy metabalite is expected to be very low levels of exposure (100 micrograms or 1.5
microgramskg bw) given that urinary excretion of the 1'-hydroxy metabolite accounts for less
than 0.5% of urinary metabolites [Zangouras et al. 1981; Anthony et al., 1987].

2.6 SUMMARY FOR CATEGORY ANALYSIS

At low leves of exposure, edragole undergoes metabolic detoxication primaily via
O-demethylation to yield the corresponding phenol derivative that is readily excreted as the
glucuronic acid or sulfate conjugate in the urine. As dose levels increase, a switch in metabolism
occurs in which an intoxicatiion 1'-hydroxylation pathway competes favorably with the
detoxication O-demethylation pathway. Under these high-dose conditions liver toxicity is
normally observed in anima sudies.
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3 TEST PLAN

3.1 CHEMICAL AND PHYSICAL PROPERTIES

3.1.1 Melting Point

The caculated meting point for estragole has been reported to be -1.19 °C (adapted Stein and
Brown method) [MPBPVP EPI Suite, 2000].

3.1.2 Boiling Point

The measured boiling point of estragole has been reported to be 216°C at 764 mm Hg [Merck
Index, 1998] and 216°C a 760 mm Hg [Fragrance Materids Association]. The cdculated
boiling point according to the MPBPWIN program was 209.93°C a 760 mm Hg [MPBPVP
EPI Suite, 2000]. Based on the consstency of these vaues, the bailing point of edtragole is
216°C.

3.1.3 Vapor Pressure

Experimental value for vapor pressure was reported to be 1 mm Hg at 52.6°C [Stull, 1947].
The caculated vapor pressure of estragole has been reported to be 0.09 mm Hg (12 Pa) at
20°C [Fragrance Materids Association]. The vapor pressure of the isomer trans-anethole has
been reported to be 0.05 mm Hg (6.67 Pa) at 20°C [FMA] and 0.041 (5.45 Pa) at 21°C for
anethole, isomer ungpecified [Daubert and Danner, 1989]. Given that the structure of estragole
and anethole differ only in the podtion of a sde-chain double bond, smilar vapor pressures are
expected at 20°C. Therefore, the vapor pressure of estragole is approximately 0.09 mm Hg (12
Pa) at 20°C.
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3.1.4 n-Octanol/Water Partition Coefficients

The Log KOW was calculated resulting in a value of 3.47 [KOWWIN EPI Suite, 2000] for
estragole, in good agreement with the log KOW of 3.39 [KOWWIN EPI Suite, 2000] and
3.11 [Interactive Analysis LogP and LogW Predictor] reported for the isomer anethole.

3.1.5 Water Solubility

The solubility of esiragole in an experimental study was reported to be 178 mg/L a 25°C
[WSKOWIN EPI Suite, 2000a (Yakowski, SH. and Dannenfelser, R.M., 1992)]. The
caculated value based on the log KOW of 3.47 was reported to be 84.55 mg/L at 25°C
[WSKOWIN EP Suite, 2000b]. The water solubility of the double bond isomer anethole was
reported to be 111 mg/L a 25°C that is in good agreement with the measured value for
estragole [WSKOWIN EPI Suite, 2000a (Y alkowski and Dannenfelser, 1992)].

3.1.6 New Testing Required

None.

16



3.2 ENVIRONMENTAL FATE AND PATHWAYS

3.2.1 Photodegradation

The cdculated hdf-life value for estragole has been reported to be 2.36 hours [AOPWIN EPI
Suite, 2000]. The short haf-life of estragole is expected based on the fact that the 1'-position of
the sde chain is both a benzylic and an dlylic postion. This pogtion is a Ste for rgpid hydrogen
abgtraction by hydroxy radicals, peroxide radicals, and nitrogen dioxide radicals. Of more than
50 volatile organic compounds emitted by vegetation into the atmosphere, estragole was
classfied as exhibiting a rdaively high rate of reactivity with hydroxyl radicas (no robust
summary prepared) [Atkinson, 1990].

3.2.2 Stability In Water

No hydrolysisis possble for estragole. Estragole is expected to be stable in agueous solution.

3.2.3 Biodegradation

Theisomer of estragole, anethole, exhibited ready and ultimate biodegradability as mesasured by
carbon dioxide production in an OECD 301B Guiddine study. Anethole (mixed isomers) was
91% degraded within 28 days [Quest Internationd Inc., 1994]. Based on model predictions
[BIOWIN EPI Suite, 2000] estragole is anticipated to be ultimately biodegradable. Although
mode predictions and data available for the isomer, anethole, predict that estragole should be
readily biodegradable, it is recommended that estragole be subjected to a biodegradability study
according to a standard OECD Guiddine protocol.
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3.2.4 Fugacity

Trangport and digtribution in the environment were modded using Level 111 Fugacity-based
Environmental Equilibrium Partitioning Mode through the EPA EPI Quite 2000 program. The
principd input parameters into the mode are molecular weight (148.20), meting point (-1.19
°C), vapor pressure (0.09 mm Hg), water solubility (178 mg/L at 20 °C), and log Kow (3.47).
The modd predicts that estragole is distributed mainly to the soil (78.8%) and water (19.7%)
with less than 1% passing into the atmosphere [Mackay, 1996a, 1996h].

The dgnificance of these cdculations must be evduated in light of the fact that estragole is a
product of plant biosynthesis. Therefore, the environment produces estragole. The modd does
not account for the influence of biogenic production on partitioning in the environment nor does

it take into account any biodegradation.

3.25 New Testing Required

Biodegradation study of estragole according to a standard OECD Guideine protocol.
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3.3 EcoToxiciTy

3.3.1 Acute Toxicity to Fish

A measured LC50 is available for the p-akoxyadlyl derivative, methyl eugenal. In rainbow trout
and bluegill sunfish, the 96-hour LC50 for methyl eugenol was determined to be 6 mg/L (95%
C.1.4.9-72 mg/L) and 8.1 mg/L (95% C.I. 7.4-9.0 mg/L), respectively [Berozaet al., 1975].
The acute 96-hour LC50 of anethole in fathead minnows using a continuous flow method was
reported to be 7.69 mg/L [Broderius et al., 1990]. Additiondly, acdculated LC50 is available
for estragole. The calculated 96-hour LC50 is4.561 mg/L [ECOSAR EPI Suite, 2000].

Although the data for methyl eugenol, anethole and estragole consstently show an LC50 vaue
of 510 mg/L, given the animd toxicity of edragole a high dose levd, it is suggested that an
L C50 be performed for estragole using a sandard OECD Guideline 203 protocol.

3.3.2 Acute Toxicity to Aquatic Invertebrates

An OECD Guiddine 202-1 dudy is available for estragon oil (tarragon oil), the principa
component of which is estragole (70-88%) (no robust summary for Lawrence, 1994). The 48
hour EC50 was 30.5 mg/L in Daphnia magna [Barth and Winkler, 2001]. The calculated 48-
hour LC50 for estragole in Daphnia magna was reported to be 5.410 mg/L [ECOSAR EPI
Suite, 2000]. Thisisin good agreement with an experimental 48-hour LC50 of 6.80 determined
for Daphnia magna exposed to the 1-propenyl isomer, anethole [Broderius et al., 1990].

3.3.3 Acute Toxicity to Aquatic Plants

The 96-hour 1C50 experimentd vaue for green dgee for the structurdly related substance
trans-anethole was reported to be 9.571 mg/L [Broderius et al., 1990]. The caculated 96-
hour EC50 for estragole in green algae was reported to be 3.681 mg/L [ECOSAR, EPI Suite,
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2000]. Although the experimentd 1C50 vadue for the isomer is in good agreement with the
cdculated EC50 vaue for edragole, the caculated data should be further vdidated by
comparison to an experimenta EC50 determined for estragole. Therefore, an acute toxicity
study is recommended using an OECD Guideline 202 protocol.

3.3.4 New Testing Required

Based on the current ecotoxicity database, the following studies are recommended:

An acute toxicity study for fish usng an OECD Guideline 203 protocol

An acute toxicity study for agae using an OECD Guideline 201 protocol
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3.4 HUMAN HEALTH TOXICITY

3.4.1 Acute Toxicity

In rats and mice, estragole showed low ord acute toxicity with ord LD50s d 1,230-1,820
mg/kg bw for rats and 1,250 mg/kg bw for mice. Low acute dermd toxicity is reflected in an
LD50 vaue of greater than 5,000 mg/kg bw for rabbits [Moreno, 1972a, 1972b; Jenner et al.,
1964].

Given the numerous dudies avalable, additiond acute toxicity tests in mammas are not

recommended.

3.4.2 Invitro and In vivo Genotoxicity

3.4.2.1 Invitro

Extengve in vitro assays have been conducted on estragole and its metabolites. Estragole was
negative in common grains of Salmonella typhimurium with and without metabolic activation
[Zani et al., 1991; Zeiger et al., 1987; Sekizawa and Shibamoto, 1982; To et al., 1982;
Dorange et al., 1977]. In one study [To et al., 1982], a sgnificant increase in the revertants per
plate was reported for strain TA1538 in the presence of S9 and 3'-phosphoadenosine 5'-
phosphosulfate (PAPS) cofactor. The authors proposed that mutagenic response was related to
the formation of the sulfate ester of an active metabolite. All other srains of Salmonella

typhimurium were not mutagenic in assays using PAPS,

Other in vitro Ames assays with estragole and metabolites of estragole have produced
equivoca results. Estragole was very weekly positive without metabolic activation in TA100
and postive in TA100 with activation. No effect was seen in TA98. The 2,3-epoxide of
estragole and 1'-hydroxyestragole were positive in strains TA100 and TA1535, but negative in
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TA98 with or without S-13 metabalic activation [Swanson et al., 1979]. But in adifferent sudy
no evidence of mutagenicity was reported when 1’ - hydroxyestragole was incubated with srains
TA98 and TA100 of Salmonella typhimurium with and without S 13 metabolic activation.
Addition of PAPS as a cofactor did not induce an increase in revertants. 1'-Acetoxyestragole
was mutagenic in strains TA98 and TA100 but not in a dose-dependent manner [Drinkwater et
al., 1976]. Overdl, estragole and its 1" hydroxymetabolite do not gppear to be mutagenic in

Salmonella typhimurium.

Estragole concentrations of 0.001 to 0.00001 M did not induce the formation of chromosomal
aberrations in V79 cdls with and without metabolic activation or in primary rat hepatocytes
[Muller et al., 1994].

In an unscheduled DNA synthesis (UDS) study, a marked increase in UDS was reported when
primary rat hepatocytes were incubated with estragole concentrations of 0.001 to 0.00001 M
[Muller et al., 1994]. When freshly prepared hepatocytes from Fisher F344 male rats were
incubated with concentrations of estragole in the range from 0.000001 to 0.01 M, a significant
increase in UDS, as much as 2.7 times control values, occurred at concentrations in the range
from 0.0001 to 001 M [Chan and Cadwell, 1992]. Cytotoxicity was observed at
concentrations in the range from 0.0001 to 0.01 M. Incubation of the 1’'-hydroxyestragole
showed increased UDS at concentrations greater than 0.00001 to 0.000001 M. Lactate
dehydrogenase (LDH) leakage occurred a greater than 0.0001 to 0.00001 M for 1'-
hydroxyestragole. The UDS activity and cytotoxicity of esiragole occurred at concentrations
goproximately an order of magnitude greater than those for the 1'-hydroxy metabolites.
Additiondly, cytotoxicity was observed at dightly higher concentrations than those needed to
induce UDS, dthough the differences were minima. A cdear nonlinear relationship and
threshold were established between dose for estragole or 1’ hydroxyestragole and UDS activity.

Similar results were obtained for estragole in an earlier sudy [Howes et al., 1990].
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3.4.2.2 Invivo

Severd in vivo genotoxicity assays are available for estragole. In an in vivo UDS study,
hepatocytes isolated 4 or 12 hours after rats received a 500, 1000, or 2,000 mg/kg bw dose of
edragole were evaluated for unscheduled DNA synthess. Very dight increases in net grain
counts were reported at the 500 and 1,000 mg/kg bw dose, but only at 2,000 mg/kg bw dose
were the net grain counts greater than 5, which was the criteria for a podtive result [Muller et

al., 1994].

In a study designed to detect DNA adduct formation of estragole and the 1'-hydroxyestragole
metabolite, adult femae CD-1 mice (mean weight 35 g) were given 12 micromolessmouse (58
mg/kg) of [2',3'-*H]-1’-hydroxyestragole by intraperitoned injection in trioctanoin and DNA
adduct formation monitored over 20 days post exposure. Similarly, 9-day old mae or femde
B6C3F1 mice (mean weight, 6g) were given intrgperitoned injections of 0.5 micromoles (14
mg/kg) of labeled estragole and sacrificed after 23 hours. Three adducts were formed by the
reaction of 1’ or 3 postions (cis or trans isomers) of estragole with the exocyclic amino group
(N?) of deoxyguanosine. An additional adduct was formed by the reaction of the 3' position of
edtragole and the (N°) position of deoxyadenosine. Unlike adducts of aromatic amines (e.g., N-
acetyl-2-aminofluorene) which persst a near maximum levels of binding for several weeks, the
three adducts of estragole-deoxyribonucleoside were removed rapidly from mouse liver DNA.
Timed measurement of DNA adducts indicated a biphasic loss indicated by a sharp decline in
one of the two mgor 1'-hydroxyestragole adducts followed by rdaively congant levels of liver
DNA adducts from days 3 to 20, suggesting excison repair [Phillips et al., 1981].

In ¥P-post-labeling experiments with adult fenae CD-1 mice (mean weight, 25 g) a2 or 10
mg dose of edragole was given by intrgperitonedal injection and liver DNA samples were
collected 24 hours later. The dose levelsin this study were equivalent to 100 or 500 mg/kg bw,
respectively. Estragole show binding activities higher than dlylbenzene, anethole, and other dlyl
substituted benzene derivatives. A rapid drop in tota adduct formation occurred within 7 days
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after dosing and was followed by a ratively congtant level over the next 140 days, an effect
aso observed in the previous study. The authors noted that the significant decrease in DNA
adduct levels was probably related to DNA repair processes [Randerath et al., 1984].

In a related **P-post-labeling experiment [Phillips et al., 1984], newborn male B6C3F1 mice
were given 025, 0.5, 1.0, and 3.0 micromoles of akoxybenzene derivaives (including
edtragole, methyl eugenol and safrole) by intraperitoneal injection on day 1, 8, 15, and 22,
respectively, after birth. Dose levels on days 1 and 22 were estimated to be gpproximately 27
and 35 mg/kg bw, 1'-hydroxyestragole and 1'-hydroxysafrole, respectively. Mice were
terminated on days 23, 29, and 43 and their liver DNA was isolated and andyzed. Highest
DNA adduct levels were measured for methyl eugenol, estragole, and safrole compared to
controls or other substances tested. A significant (p less than 0.05) amount of adduct was
detected at 43 days. Based on the results of a study of carcinogenic activity of these substances
in the same species and drain (see Miller et al., 1983 in Repeat Dose Toxicity], the authors
concluded that adduct levels of at least 15 pmolessmg of DNA at 23 days were required for
datidicdly sgnificant tumor formation [Phillips et al., 1984]. The authors also noted that,
compared to adults, newborn mice showed grester sengtivity to alkenylbenzene carcinogenicity.

3.4.2.3 Conclusions

The genotoxicity database on estragole shows no mutagenic potentid in the Ames assay. In
cytogenetic assays, there is no evidence of a genotoxic potentia in vitro. In vitro UDS studies
showed positive responses when rat hepatocytes were incubated with estragole. In an in vivo
study, UDS was seen at the 2,000 mg/kg bw dose and very weak responses were seen a the
500 and 1,000 mg/kg bw doses. As demonstrated by the studies on DNA adduct formation,
estragole forms DNA adducts when |aboratory rodents are exposed to high dose levels, soit is
not surprising that both substances and their 1'-hydroxy metabolites induce unscheduled DNA
gynthesis. In these studies, concentrations at which UDS occurs coincide with hepatocelular
cytotoxicity. Based on the available data, no additional genotoxicity tests are recommended.
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3.4.3 Repeat Dose Toxicity

Groups of CD-1 femae mice (mean weight 24 g) were maintained on a diet containing 2,300 or
4,600 ppm estragole or 2,500 ppm 1’ -hydroxy estragole for 10 months. The authors estimated
that the dietary levels corresponded to an average daily intake of 150-300 and 300-600 mg/kg
bw for animds on the 2,300 ppm and 4,600 ppm estragole diet, respectively, and 180-360
mg/kg bw for animas on the 1'-hydroxyestragole diet. To avoid intolerance the dietary
concentration was reduced by 75% for the first 10 days and 50% for the next 10 days. The
target diet was then maintained for 12 months. Surviva a 20 months was dightly lower (68-
70%) for estragole fed animas compared to control animas (78%). The average life span of
mice given 1 -hydroxyestagole was 13.6 months compared to 18 months in controls. Body
weights measured at 1, 4, and 8 months were markedly reduced at 4 and 8 months compared
to controls. At 10 months, the incidence of hepatomas was 58% for animals a 2,300 ppm
edtragole, 71% for animals a 4,600 ppm estragole and 56% for animals a 2,500 ppm of 1'-
hydroxyestragole and 0 % in controls. Histopathologica examinations revealed portd fibrosis,
chronic inflammation and bile duct proliferation in addition to the tumors. Varied number of
ceroid-laden histocytes and focd area of hyperplasa and megaocytoss were aso reported.
Four mice fed 4,600 ppm estragole had hepatic angiosarcomas [Miller et al., 1983].

Additiondly, CD-1 mice (male (55) and femde (49)) were administered 370 mg/kg of estragole
by gavage twice aweek for ten doses beginning at 4 days of age. The mice were weaned at 35
days of age. Hepatomas were observed as early as 11 months. At 14 months, 73% of the
males (3.5 hepatomas/mouse) and 24% of control maes (0.6 hepatomas'mouse) exhibited
hepatomas. The incidence of hepatomas in femaes (9%, 0.1 hepatomas/mouse) was not
getigicdly different from control females (2%, 0.02 hepatomas'mouse) [Miller et al., 1983]. In
another part of the sudy, mae (50) and femae (50) CD-1 mice were administered a total dose
of 9.45 micromoles/mouse of estragole or estragole epoxide or 1.87 micromoles/mouse of 1'-
hydroxyestragole by intrgperitoned injection distributed in aratio of 1:2:4:8 on days 1, 8, 15,
and 22, respectively, of life. These doses correspond to 0.63, 1.26, 252, and 5.04

25



micromoles/mouse, respectively. The mice were weaned at 22 days of age. At 12 months, 65%
of the mice receiving estragole exhibited hepatomas (1.7 hepatomas/mouse) versus 26% of
controls (0.5 hepatomas/mouse) exhibited hepatomas. The incidence of hepatomas in mice
given estragole epoxide (40%, 0.6 hepatomas/mouse) was not satisticaly different from control
(26%, Q5 hepatomas/mouse). For 1'-hydroxyestragole, 93% of the mice receiving the test
substance (2.7 hepatomas/mouse) and 15% of control maes (0.2 hepatomas/mouse) exhibited
hepatomas [Miller et al., 1983]

In a study using a hybrid strain of B6C3F1 mice, and the parent strain, C3H/He male and
femde mice and C57BL/6 mae and femae mice, the mice were given intraperitoned injections
of 1'-hydroxyestragole on days 1, 8, 15, and 22. Dose levels were 0.1 micromoles on day 1,
0.04 micromoles on days 8 and 15, and 0.08 micromoles on day 22 after birth. The levels are
calculated to provide 11.7 on day 1, 18.8 on day 8, 9.3 on day 15 and 10.1 mg/kg bw on day
22, respectively. The experiment was terminated after 14 months. The first tumor-bearing
mouse was observed at 10 months. At 12 months, 76% of the treated C3H/He mae mice (3.0
hepatomas'/mouse) and 26% of control mice (0.3 hepatomas/mouse) exhibited hepatomas. The
incidence of hepatomas in C3H/He femae mice, 6% (0.06 hepatomas/mouse), was not
ddidicdly different from those of control femaes. For C57BL/6 mice, the incidence of
hepatomas in treated maes was 14% (0.3 hepatomasmouse) and was 5% (0.07
hepatomas/mouse) in control maes. No hepatomas were observed in treated or control
B57BL/6 femde mice [Wiseman et al., 1987].

In another part of the study, groups of male B6C3F1 mice were given single intraperitoned
injections of 0.10 micromoles/g (15 mg/kg) bw of 1'-hydroxyestragole or 1'-hydroxysafrole 12
days after birth. Animals were sacrificed after 12 months and incidence of hepatic tumors were
measured. A second group of maes was given a lower dose of 0.01 micromoles/g bw. A
datisticaly sgnificant increase in the incidence of hepatomas’mouse were observed for both
substances at 0.1 micromoles/g bw, but no significant increase was observed at the low dose of

0.01 micromoles/g bw (1.5 mg/kg) [Wiseman et al., 1987].
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In aNTP carcinogenesis bioassay, mae and female F344/N rats and mae and female B6C3F1
mice were administered methyl eugenal in 0.5% methylcdlulose by gavage daily at dose levels
of 37, 75, or 150 mg/kg bw per day, five days per week for 2 years [NTP, 2000]. Stop-
exposure groups of rats received 300 mg/kg doses for 53 weeks followed by the vehicle only
(0.5% methylcdlulose) for the duration of the study. All reats at the highest dose leve (150
mg/kg bw) and the stop-exposure dose level (300 mg/kg bw) died before the end of the study.
Mean body weights of al dosed groups were less than those of the vehicle controls throughout
the study. The incidences of liver non-neopladtic lesons in dosed groups of male and femae rats
were increased a 6 months, 12 months, and 2 years. There were datisticaly sgnificant
increases in ova cdl hyperplasia, hepatocyte hypertrophy, and eosinophilic foci, a dl dose
levelsin mae and femade rats. At the three highest doses (75, 150, and 300 mg/kg bw per day)
atypicd focd bile duct hyperplasa, focd cydic degeneration, and mixed cdl foci were
observed, more in maes than femades. Many of the same non-neopladtic lesons of the liver
were reported in the 300 mg/kg bw groups of male and femde rats at both 6 and 12 months in
the stop-exposure group. Non-neopladtic lesons of the glandular somach included datisticaly
ggnificant increases in mucosal atrophy at al dose levels and neuroendocrine hyperplasa at the
three highest dose levels in femdes and a al dose levels in mdes. There was a sgnificant
increase in the incidence of nephropathy in femaes a 300 mg/kg, and the incidence of rena
tubule hyperplasia was greater in the greater than or equa to 75 mg/kg groups than in the
vehicle control.

Liver neoplasms related to methyl eugenol exposure were reported in dl dose groups and
included hepatocdlular  adenomas and carcinomas, hepatocholangiomas, and In
hepatocholangiocarcinomas. In dl treated mae and femde rat groups, datisticaly significant
increases (P equal to 0.049 in maes and P equa to 0.017 in femaes a 37 mg/kg bw; P less
than 0.001 for al other trested groups) in the incidence of hepatocdlular adenomas and
cacinomas were reported. Hepatocholangiomas and hepatocholangiocarcinomas were
reported in the 150 mg/kg bw group of males (2/50, 4%) and femaes (3/49, 6%) and at higher
incidence in the 300 mg/kg bw stop-exposure groups of males (13/50, 26%) and femaes
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(27/50, 34%). Both benign (3/50, 6%) and mdignant (4/50, 8%) neuroendocrine cel
neoplasms of the glandular somach were reported in males at 150 mg/kg bw and in the 300
mg/kg bw stop-exposure group (2/49, 4.1% benign and 2/49, 4.1% maignant). The incidence
of these neoplasms was much higher in females at dose levels of 75 mg/kg bw (13/50, 26%
benign and 12/50, 24% mdignant) and greater. In male rats, there were sgnificant increasesin
the incidence of: mdignant mesothdioma at 150 mg/kg, mammary gland fibroadenoma at 75
and 150 mg/kg; and fibroma of the subcutaneous tissue at 37 and 75 mg/kg. These neoplasms
were not found in femde rats at any dose levd.

For mice, survivd of dl mae dosed groups was Smilar to that of the vehicle controls. The
aurviva of treated femae mice was significantly less than those reported for control animds.
Mean body weights of dosed mice were reported to be "generally less than those of the vehicle
controls throughout the studies'. In femae mice and, to a lesser extent, in male mice there was
evidence of hepaotoxicity of methyl eugenol. Significant increases in ovd cdl hyperplasa,
eosnophilic foci, hepatocyte hypertrophy and necrosis, haematopoietic cell proliferation,
haemosiderin pigmentation, and bile duct cysts were observed at dl dose levels in mae and
femae mice. Non-neoplagtic lesons of the glandular somach included datidtically sgnificant
increases in hyperplasia, ectasia, atrophy a al dose levels in both males and femdes and
minerdization and necrods in lower incidence aso in both sexes incidences of chronic atrophic
gadritis was high. Gadtric tumors were found in two high dose maes. The incidence of
hepatocdlular adenomas, hepatocd lular carcinomas and hepatoblastomas was high in both
trested and control male and femae mice. While control maes and females showed tumor rates
of 63% (31/49) and 50% (25/50), respectively, and dl treatment groups of maes and femdes
had tumor rates in excess of 92% with the exception of high dose mde rates in which the tumor
rate was 82% (41/50). Evidence of infection by Heliobacter hepaticus was found by PCR-
RFLP, but associated hepatitis was not found.

An extensve interpretation [Smith et al., 2002] of the NTP study concludes that the study was
compromised by a number of factors including malnutrition in both species, toxicity at dl dose
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levels, gastric damage affecting the absorption, ditribution, and metabolism of methyl eugenal,
and the presence of infection in both sexes of mice. Also, the authors conclude that the study
cannot be recognized as conclusive for carcinogenicity at lower, non-toxic dose levels of methyl

eugenol. According to the authors (robust summary not included):

“The methyl eugenol bioassay was compromised by inappropriately high dose levels,
administered by gavage, that cause significant hepatotoxicity, gastric damage, and malnutrition in
both mice and rats. The presence of Heliobacter hepaticus in the livers of mice was also thought to
have confounded the interpretation of the findings. Hepatic tumors occurred in severely damaged
livers while the neuroendocrine tumors were likely to have resulted from endocrine responses to
chronic gastric damage. At dose levels of methyl eugenol at which hepatic tumors occurred in rats,
non-neoplastic liver changes such as liver and hepatocyte enlargement, necrosis, chronic
inflammation, periportal fibrosis and nodular or adenomatoid hyperplasia, were invariably present.
Such recurrent liver damage, in particular chronic inflammation and hyperplasia undoubtedly altered
methyl eugenol metabolism and may have strongly enhanced the likelihood of DNA damage,
fixation of relevant DNA damage and progression of initiated/pre-neoplastic cells to cancer.
Therefore, the hepatotoxicity induced by high dose levels of methyl eugenol most probably plays a
very significant, if not an essential, role in the formation of hepatic tumors. If in humans, exposure
to high levels of methyl eugenol were to be accompanied by recurrent liver tissue damage and
hyperplasia, methyl eugenol might possibly induce liver cancer in humans. However, if dose levels
of methyl eugenol in humans are less than those needed to induce hepatotoxicity (most probably
somewhere in the range of 1 to 10 mg/kg bw/day), exposure of humans to such non-hepatotoxic

levels can be assumed to be associated with a very low, probably zero, cancer risk.”

3.4.4 Reproductive Toxicity

Studies are available for a mixture of p-dlyldkoxybenzene derivatives in three different species
at multiple dose levels [Morgareidge, 1973a, 1973b, 1973c] and for the isomer methyl eugenol
[Le Bourhis, 1973].

In an FDA sponsored study [Morgareidge, 1973a, 1973b, 1973c] that evauated both
reproductive and developmentd toxicity parameters, the essentid oil of nutmeg containing a
mixture of p-alylakoxybenzene derivatives {myridicin, ssfrole, demicin, and methyl eugenol
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(10-20%)} and bicyclic terpene CyoHis hydrocarbons {alpha-pinene, beta-pinene, and
sabinene (80-90%)} was given to pregnant CD-1 mice, Widtar rats, or golden hamsters.

In the mouse study, groups (20-21/group) of pregnant femae CD-1 outbred mice were given O,
6, 26, 120, or 560 mg/kg bw of the test materia (FDA 71-28) by gavagein corn oil on days 6
through day 15 of gedtation. A postive control group received 150 mg/kg bw per day of
aspirin. Maternal body weights were recorded on days 0, 6, 11, 15, and 17 of gestation.
Females were observed daily for gppearance and behavior. Food consumption and body
weight were monitored to eiminate any abnormdities that may be associated with anorexia in
pregnant females. On day 17 all dams were subjected to Caesarian section and the number of
implantation Sites, resorption sSites, live fetuses, dead fetuses, and body weight of live pups were
recorded. Gedtation index, mortdity, number of implantation Stes, number of corpora lutea,
litter Sze and weights, sex and sex ratio of pups, and gross abnormdities to pups were
reported. The urogenita tract of each dam was examined for anatomica abnormdities. One-
third of fetuses of each litter underwent detailed viscerd examination a 10x magnification. The
remaning two-thirds were stained with dizarin red S dye/lKOH and examined for skeletd
defects.

The adminigration of yp to and including 560 mg/kg bw per day of test article FDA 71-28 to
pregnant mice on days 6 through 15 of gestation had no effects on nidation, reproduction,
materna surviva or any measured fetd parameter. The number and types of abnormalities seen
in tissues of the dam or pups of the test groups did not differ for the number and type occurring
gpontaneoudy in the pogitive or negative controls.

The rat and hamster studies use the same study protocol as that used for the mouse study. Adult
femde Widar or golden hamsters were individualy housed in mess-bottom cages in a
temperature- and humidity-controlled room. They were mated with untreated young adult maes
and observation of vagind sperm plugs (rats) or gppearance of motile sperm in vagind smears
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(hamsters) was considered day O of gestation. Groups (22-23/dose) of pregnant Wistar rats
were then given O, 3, 2, 56, or 260 mg/kg bw of the test materid (FDA 71-28) by gavage in
corn oil daily on day 6 and through day 15 of gestation [Morgareidge, 1973c]. Groups (26-
28/dose) of pregnant hamsters were given 0O, 6, 28, 130, or 600 mg/kg bw of the test material
(FDA 71-28) by gavage in corn oil daly on day 6 and through day 10 of gedtation
[Morgareidge, 1973b]. In the rats or hamster study, a positive control group received 250

mg/kg bw per day of aspirin.

The adminigtration of up to and including 260 mg/kg bw per day of test article FDA 71-28 to
pregnant rats on days 6 through 15 of gestation or administration of up to and including 600
mg/kg bw per day to pregnant golden hamsters on day 6 through day 10 of gestation had no
effects on nidation, reproduction, materna surviva or any measured fetal parameter.

In the three-species study, no reproductive effects were observed when daily dose levels of up
to 260 to 600 mg/kg bw of the essentid oil predominantly composed of a combination of p-
alyldkoxybenzene derivatives (10-20%) and bicyclic terpene hydrocarbons was administered
daily to mice, rats, or hamsters during gestation. These dose levels correspond to dose levels of
26 to 120 mg/kg bw per day of p-dlylakoxybenzene derivatives. When this data is combined
with the fact that no adverse effects were observed to the reproductive organs in 4-generation
sudy with the double bond isomer anethole (see below), it is concluded tha p-
alylakoxybenzene derivatives exhibit alow potentid to produce reproductive toxicity.

In a comprehensive 4-generation study, groups of male and female rats (Fo) were fed 0 or 1%
anethole in the diet (gpproximately 600-1,500 mg/kg bw per day) prior to mating, during the
15-day mating period, and during gedtation and lactation. Offspring (F1) were used for
propagating the next generation and were raised on the same dietary treatment as their parents.
A similar procedure was followed to obtain the 3 and 4" generations (F, and Fs). The only
notable effect was reduced body weight gain and body weights coinciding with reduced feed
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intake in rats fed 1% anethole. There was no effect on reproductive performance over 4
generations. The reduced paatability of the diet was considered to be responsible for the lower
body weight gain and body weights of the rats receiving anethole.

To ascertain the effect of paatability on the effects reported in the 4-generation study, a cross-
fostering experiment was conducted using groups of control and treated F; femdes (from the 4-
generdion study and receiving 1% anethole in the diet) mated with control F; maes (from the 4-
generation study) [Le Bourhis, 1973]. Litters born from treasted femaes were exchanged with
litters from control femaes at birth and reared by the new dams. No sgnificant difference in
body weights of pups from those nursed by mothers of the same group, regardiess from which
group they were born, was reported and final body weights of pups born from treated dams but
rased by control dams regained norma values by day 28. The results indicated that postnatal

growth is not directly affected by anethole exposure, but is aresult of the nutritional status of the
dams[LeBourhis, 1973].

Based on the results of reproductive toxicity on an essentid oil containing a mixture of p-
dlyldkoxybenzene derivatives and an isomer anethole, no further testing on the possble
reproductive toxicity of estragole is recommended.

3.4.5 Teratogenicity/Developmental Toxicity

A devdopmenta sudy is avaldble for the dructurdly related substance 4-methoxy-1-
propenylbenzene (trans-anethole). In a developmenta and reproductive screening test, groups
of femde rats were administered 0, 35, 175, or 350 ng anethole/lkg bw per day via gavagein
corn oil for 7 days prior to co-habitation with mae rats until day 4 of lactation. The only notable
effects were reduced mean body weights and decreased feed consumption in high-dose rats.
These effects were seen to some extent in rats gavaged with anethole 175 mg/kg bw per day,
but only reached datistica sgnificance in the early part of the study. At the high dose (350
mg/kg bw per day), the number of liveborn pups was sgnificantly decreased, the number of
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dillborn pups was sgnificantly increased, the number of pups dying on day 1 and days 2-4 was
sgnificantly increased, the viability index (number of live pups on postpartum day 4/number of
liveborn pups on postpartum day 1) was sgnificantly decreased, the number of surviving
pups/litter on postpartum day 4 was sgnificantly decreased, the live litter Sze on pogtpartum
day 4 was sgnificantly decreased, and pup weight/litter on postpartum day 1 was significantly
decreased compared to controls. No anomalies and no other effects were reported. The
authors determined the materna and developmenta no observable adverse effect leve
(NOAEL) to be 35 and 175 mg/kg bw per day, respectively, and the maternd and
developmentd lowest observable adverse effect level (LOAEL) to be 175 and 350 mg/kg bw
per day, respectively. Anethole did not cause any effects on the rat fetus at doses below those
causing maternd toxicity (reduced body weight and feed consumption).

In the FDA sponsored study discussed above [Morgareidge, 19733, 1973b, 1973c], femde
pregnant CD-1 mice, Widar rats, and golden hamsters were given dose levels of up 560, 260,
and 600 mg/kg bw, respectively, of an essentiad oil containing 10-20% p-dlylakoxybenzene
derivatives and 80-90% bicyclic terpene hydrocarbons daily by gavage during gestation. Based
on dinica observations and measurement of body weight gain, mortdity, and evauation of the
urogenitd tract of pregnant femaes there were no sgns of maternd toxicity at any dose levd in
any of the three species. Based an measurements of fetd survivd, fetd body weight, viscerd

examination of pups, and a complete skeleta examination of pups at dl dose levels, there was
no evidence of developmentd toxicity at any dose leve in any of the three species.

Additiondly, a developmentd <sudy is avalable for the related substance, safrole No
teratogenic effects were reported when safrole was administered intragastricaly to femae Swiss

mice from days 6-14 of pregnancy [Moro et al., 1985].

Based on the lack of materna and developmentd toxicity in a four-generation study with the
dkene isomer anethole, a developmentad study with safrole, and a three-species study at
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multiple dose levels of an essentid oil containing a mixture containing p-alylakoxybenzene
derivatives [Morgareidge, 1973a, 1973b, 1973c|, it is concluded that estragole is not a
materna or developmenta toxicant.

No additiona testing is recommended given the available data.

3.4.6 New Testing Required

None.
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3.5 TEST PLANTABLE

Physical-Chemical Properties

hemical _ N N
Chemica Melting Boiling Vapor Partition Water
Point Point Pressure Coefficient | Solubility
Estragole
CAS No. 140-67-0 Calc A A Calc A
Environmental Fate and Pathways
Chemical St
. tability . . .
Photodegradation in Water Biodegradation | Fugacity
Estragole
CAS No. 140-67-0 Calc NA R, Test Calc
Ecotoxicity
Chemical —
Acute Toxicity to Acute TOX'.C'ty to Acute Toxicity to Aquatic
. Aquatic
Fish Plants
Invertebrates
Estragole
CAS No. 140-67-0 R, Test R R, Test
Human Health Data
Chemical Acute  |Genetic [Genetic | Repeat | Repro- Develop-
Toxicity |Toxicity |Toxicity | Dose ductive mental
In Vitro [ In Vivo [Toxicity Toxicity Toxicity
Estragole
CAS No. 140-67-0 A A A A R R
Legend
Symbol Description
R Endpoint requirement fulfilled using category approach,
SAR
Test Endpoint requirements to be fulfilled with testing
Calc Endpoint requirement fulfilled based on calculated data
A Endpoint requirement fulfilled with adequate existing
data
NR Not required per the OECD SIDS guidance
NA Not applicable due to physical/chemical properties
0] Other
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